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@ Improved electroerosion printing plates.

@ Improved electroerosion recording media can be
prepared by utilizing, on top of a polyester, paper, or
metal substrate, a polyvinylbutyral polymer cross-
linked with a mixed phenol-tert-butylphenol formal-
dehyde cross-linking agent as a base layer, and an
erodible metallic layer sufficiently thin to be erodible
in response to current pulses delivered by a stylus
of an electroerosion printer. In a preferred embodi-
ment, the polymeric layer further contains silica. The
recording medium may also be top coated with a
lubricating agent. The formulation provides excellent
adhesion of the conductive layer, and allows the
thickness of the aluminum to be increased up to
75%, resulting in an optical density (with aluminum
as the metallic layer) of up to 3.5.
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This invention relates to electroerosion printing
plates which may be used directly as offset printing
masters, or as negatives in the production of offset
printing masters.

Electroerosion printing is a recording method
based on removal of a thin layer of a metal, typi-
cally aluminum, from a substrate, under the influ-
ence of applied electrical signals. Electroerosion
printing is commonly used for producing markings
such as letters, numbers, symbols, patterns such
as circuit patterns or other legible or coded indicia.
An electrical signal is applied in a predetermined
pattern to the recording medium. The electrical
signal erodes the metal from the surface of the
recording medium due to vaporization of the metal
in response fo localized heating from arcing be-
tween the electrical signal applicator (stylus) and
the metal coated recording medium.

Electroerosion materials and processes are
useful to produce directly human readable images,
but they can also be used as negatives to make
offset printing masters, or used directly as offset
printing masters. Therefore, electroerosion materi-
als are generally referred to as Direct
Negative/Direct Plates (DNPs). DNPs generally
comprise a flexible substrate and a hard surface
metal film. Substrates are generally paper, plastic,
or metal on the order of 50.8 - 127 um (2-5 mils)
thickness. This substrate is coated with a hydro-
phobic, ink-receptive, non-electrically conductive,
polymeric base coating. This is then coated with a
thin metal film. The metal film is generally a vapor
deposited aluminum, of a thickness on the order of
0.1 to 1.0 um. The DNP frequently also includes a
top layer comprising conductive graphite particles
dispersed in a hydrophilic polymeric binder.

The printing medium is utilized when a stylus,
or a plurality of styli, move across the surface of
the medium, which is electrically grounded. Electric
writing signals are fed to the stylus to provide
controlled electrical pulses which generate arcing
at the surface of the recording material. This selec-
tively heats, and causes evaporation of, the metal
layer of the recording medium. The removed ma-
terial corresponds to the pattern which is to be
recorded. During this process, the stylus is moved
in relationship to the surface of the recording me-
dium, and in contact with the removable layer (thin
film of aluminum) or with the lubricating layer
placed on top of the vaporizable removable ma-
terial.

Since the aluminum film is generally only 0.1
fo 1.0 um thick, it is very fragile. The pressure of
the stylus on the aluminum layer causes scraiching
and gouging, thus removing the aluminum and
adversely affecting the pattern sought to be tran-
scribed. The scratching or gouging may be attrib-
utable to any of several causes, including plastic
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deformation of the substrate during writing or cold-
welding of the styli to the thin aluminum conductive
layer.

The lubricating layer, when used, helps to pre-
vent scratching and gouging by reducing friction
between the DNP and the stylus, but still further
reduction is desired. The scratching and gouging
can also be reduced by increasing the strength of
the bond between the aluminum and the polymeric
base coat. Better adherence also allows an in-
crease in the thickness of the aluminum layer with-
out increasing the number and size of gouges. This
increases the optical density of aluminum which
produces a better contrast when used for produc-
ing offset printing plates.

When DNPs are used as negatives for the
creation of offset printing plates, it is desired that
the aluminum film on the DNP have an optical
density of at least 3.0. Although with a little adjust-
ment of exposure, a DNP which has an optical
density within the range of 1.8-2.3 can be used for
exposing conventional offset plates, for maximum
life of the plate and no change in the exposures
which are standard in the printing industry, the
optical density of the aluminum film should be at
least 3.0. The DNPs are directly competing with
conventional silver halide negatives having optical
densities in the ranges of 3.5-4.0, which allows
production of an offset plate which can produce
more copies than plates made from DNPs with low
optical densities.

Further, when DNPs are used directly as offset
plates, a thicker aluminum layer leads to a longer
press life for the DNP. Although prior art polymer
matrix compositions provide DNPs useful for direct
printing of 10,000 copies or more, the optical den-
sities (thicknesses) of the aluminum layer are still
rather low. When the optical density of the alu-
minum is raised above about 2.4-2.5 with the prior
art polymer compositions, the material becomes
very susceptible to scratching and gouging, and
generally unusable. A higher optical density
(achieved from a thicker aluminum coating) would
help to increase the press life of the DNP to 10-
20,000 copies.

Further, if some DNPs (particularly
polyvinylbutyral/melamine DNPs) are printed and
kept at a high humidity for a few days, the imaged
area begins to lose its ink receptivity (called blin-
ding). This may be attributable to the instability of
the melamine cross-linker at high humidity. The
alkylated melamine formaldehyde resin could un-
dergo hydrolysis to its hydroxy functionality under
conditions of high humidity, causing a more hydro-
philic and ink repellent surface. When such plates
are used, lower contrast gray images are exper-
ienced. Therefore, other cross-linking agents were
tested to overcome these problems.
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It has been found that improved electroerosion
recording media can be prepared by utilizing, on
top of a polyester, paper, or metal substrate, a
polyvinyl butyral polymer cross-linked with phenol-
tert-butylphenol formaldehyde cross-linking agent
as a base layer, and an erodible metallic layer
sufficiently thin to be erodible in response to cur-
rent pulses delivered by a stylus of an electroero-
sion printer. In a preferred embodiment, the poly-
meric layer further contains silica. The recording
medium may also be top coated with a lubricating
agent. The formulation provides excellent adhesion
of the conductive layer, and allows the thickness of
the metallic layer of aluminum to be increased up
fo 75%, resulting in an optical density (with alu-
minum as the metallic layer) of up to 3.5.

The invention will become more apparent from
the following detailed description in conjunction
with the accompanying drawings.

Fig. 1 is a cross-sectional view of an unprin-
ted electroerosion recording medium
in accordance with the present inven-
tion.

Fig. 2 is a cross-sectional view of a direct

negative made from the electroerosion
recording medium of the present in-
vention.

In accordance with Fig. 1, a Direct
Negative/Direct Plate electroerosion recording me-
dium (DNP) 10 comprises a substrate 1, usually a
polyester film such as polyethylene terephthalate
(but occasionally metal or paper), with a 4-8 um
thick coating 2 of a cross-linked polymer matrix.
Polymer matrix 2 may also contain a pigment. The
pigment is generally silica and serves to make the
polymer matrix base layer 2 hard and rough. The
dried polymer matrix/silica layer generally contains
about 20-50% binder, 10-30% of a cross-linking
agent, and 10-50% silica. Once  this
polymer/pigment layer 2 is produced, a thin (optical
density of 1.9-3.5) conductive erodible metallic film
3 is vacuum deposited. The film is generally made
from aluminum. Over the top of the aluminum film
3, a thin lubricating layer 4 may be applied.

The functional performance (press life, scratch-
ing, gouging, optical density, and pin-hole density)
of the DNP depends, among other things, upon the
thermomechanical properties of the polymer layer
2. Specifically, the adhesion of the polymer matrix
layer 2 to the aluminum film 3 determines the
press life of the DNP. Similarly, the population of
gouges is mainly dependent upon the adhesion of
the polymer matrix 2 to the polyester substrate 1,
and cohesion of the pigment (silica) to the polymer
matrix.

It has been found that polyvinylbutyral, a par-
tially hydrolyzed and acetylized polyvinyl acetate,
works very well as a polymer layer in that it gives
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good adhesion to the aluminum film when crosslin-
ked with a cross-linking agent comprising phenol-
tert-butylphenol formaldehyde. The adhesion is
usually 5-10 times higher than prior art cellulosic or
polyurethane polymer matrixes. Polyvinylbutyrals
are widely used in industry, and there are a variety
of these polymers available in the market depend-
ing on their molecular weight, degree of hydrolysis,
and degree of acetalization. High molecular weight
polymers are generally to be avoided because of
the very high viscosity of solutions made with such
polymers. This results in difficulty formulating the
DNPs.

A mixed phenol-tert-butylphenol formaldehyde
cross-linker was used with the polyvinylbutyral be-
cause it was found that a mixed phenol-tert-butyl-
phenol formaldehyde forms a cross linked system
with hydroxy containing resins (including polyvinyl-
butyral) by a substitution reaction. Since only a
molecule of water is liberated during this reaction,
there is very little or no shrinkage and curl in the
dried film. Further, such phenolic resins possess
high adhesion properties to both other polymers
and metal.

Of the various polyvinylbutyrals which are
available, it was found that Butvar B-98™, from
Monsanto Industrial Chemicals Company of St.
Louis, Missouri, gave particularly good results. But-
var B-98 has an average molecular weight of about
30,000 and has about 20% free hydroxy! group (as
measured as vinyl alcohol) which can be cross-
linked with a phenol-tert-butylphenol formaldehyde
cross-linking agent. Butvar B-98 also gives low
viscosity solutions at moderately high percent
solids for ease of workability in plate formulation.
The preferred mixed phenol-tert-butylphenol form-
aldehyde for use with polyvinyl butyral is Durite SL
3270™ (Borden Chemical Company, Columbus
Ohio). A pigment (usually silica) is dispersed in the
alcohol solution of the Butvar B-98 polymer in the
presence of a surfactant. Additional binder solution
and the Durite SL 3270™ phenol-tert-butylphenol
formaldehyde cross-linking agent are then added
and this composition is used to coat a polyester
substrate to form the base layer of a DNP.

Examples

In each Example, a number of plates were
produced with the compositions recited, and the
plates were printed and compared. In some cases,
different thicknesses of various layers were used
on plates of the same composition to determine the
printed quality of the plates with different optical
densities of aluminum. This is shown in each Ex-
ample by a range of thicknesses for the particular
layer.
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Comparative Example 1-Polyvinylbutyral and Al-
kylated Melamine Formaldehyde

A mixture of 60 parts of 15% Butvar B-98 in a
4:1 ethyl alcohol:N-butyl alcohol, 30 parts of amor-
phous silica, and 0.5 parts of RE-610™ (a phos-
phate acid ester surfactant available from GAF Cor-
poration Chemical Products of New York, New
York) were milled to a desired level. This mill base
was then mixed with additional Butvar B-98 solution
and Cymel 303™ (an alkylated melamine formal-
dehyde cross-linking agent available from Ameri-
can Cyanamid Company Plastics Division, Wayne,
New Jersey) in sufficient proportions such that the
final dry film had 10 to 50% silica, 20-50% Butvar,
and 10-30% Cymel 303. The coating fluid was
coated on plastic, paper, or metal substrates o a
thickness of 3-10 um and dried in an oven at 70-
150°C. A thin aluminum film (0.2-1.0 um cor-
responding to an optical density of 1.8-2.5) was
deposited on the base layer by way of vacuum
evaporation. Finally a lubricating top coat com-
posed of graphite in an organic binder with a
thickness of 2-10 ug/cm2 was applied. The result-
ing DNPs gave about 10,000 high quality copies on
the offset press before printing deteriorated.

Comparative Example 2 was used to test the
effect of a small amount of partially fluorinated
graphite added to the polymer layer. The example
shows that the graphite fluoride helps to further
improve the adhesion of the aluminum to the poly-
mer layer, and also to reduce the number of pin
holes formed in the aluminum layer. The fluorinat-
ed graphite separates and rises to the surface of
the polymer layer during curing. Since the fluorinat-
ed graphite has very low conductivity, it aids in
dispersing static charges, which decreases the at-
traction for dirt and dust which cause pin holes in
the aluminum when the aluminum layer is applied.
The DNPs produced were able to produce more
copies than prior art cellulosic-based DNPs, but
higher optical density of the aluminum layer is
desirable.

Comparative Example 2-Polyvinylbutyral and Al-
kylated Melamine Formaldehyde

A mixture of 60 parts 15% Butvar B-98 in a 4:1
ethyl alcohol:N-butyl alcohol solution was added to
30.0 parts of amorphous silica, 1-2 parts Accufluor
CFx™ fluorinated graphite (from Allied Signal
Company, Morristown, New Jersey) and 0.35 parts
RE-610. The mixture was milled and this mill base
was then mixed with additional Butvar B-98 solution
with 20-80% alkylated melamine formaldehyde
(Cymel 303), along with a small amount p-
toluenesulfonic acid (0.5-4% based on total resin
solids). This mixture was then coated on a polyes-
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ter, paper, or metal substrate to a thickness of 4-10
um and dried in an oven. After metallization and
subsequent top coating with lubricant, the final
DNP was used as a direct offset plate which gave
10,000 good quality copies, and the gouging prob-
lems were reduced. In addition the material had far
less pin holes than that of that Example 1.

Comparative Example 3-Polyvinylbutyral and Al-
kylated Melamine Formaldehyde

A DNP was prepared as in Comparative Exam-
ple 2, except that Accufluor CFx was replaced by
Teflon™ polytetrafluoroethylene (E.I. DuPont de
Nemours & Co. Wilmington, DE.) powder. After
coating, metallization, and top coating with a lubri-
cant, the DNP had a press life of about 10,000
copies.

It was found that the optical density of the
aluminum in the prior art polyvinylbutyral/melamine
system shown in Comparative Examples 1-3 can-
not be raised beyond about 2.3 without sacrificing
print quality. Further, the plates have a relatively
high curl when dried to a final product, which while
not critical, is nevertheless undesirable. These are
problems solved by the composition of the present
invention. The use of a mixed phenol-tert-butyl-
phenol formaldehyde cross-linking agent with
polyvinyl-butyral allows the optical density of the
aluminum layer to be increased up to 3.5 without
loss of printing clarity. The following Examples
show a direct comparison among different crosslin-
king agents when used with polyvinyl-butyral and
the DNPs produced from those agents. The results
are summarized at the end of the Examples.

Comparative Example 4 -Polyvinyloutyral and
Polyisocyanate

A mixture of 300.0 grams Imsil A 108 silica
powder and 10.0 grams Accufluor CFx 3000™
fluorinated graphite (Allied Signal Company) in
150.0 grams of 15% Butvar B-98 solution (in 60:40
cyclohexanone -toluene), 150 grams Downol PM™
(propylene glycol mono methyl ether from Dow
Chemical Company, Midland, Michigan) and two
grams RE-610 surfactant were mixed with a high
speed stirrer and then milled using steel shots fo
form a mill base. A solution of 26.0 grams
polyisocyanate CB-75™ (Mobay Chemical Corp of
Pittsburgh, Pennsylvania) in 90 grams of 4:1 meth-
yl ethyl ketone-toluene was added to 150 grams of
the above mill base and 480 grams of 15% Butvar
B-98 solution (in cyclohexanone-toluene). The mix-
ture was stirred for 30 minutes and then 0.5 grams
of N,N-dimethyl ethanolamine (as catalyst) was ad-
ded and the resulting mixture was coated as in
Examples 5 and 6, on a PET substrate to a thick-
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ness of 5-7 um and cured at temperatures of 90-
140 °C. The samples were then aluminized to
optical densities of 1.8-2.5 and coated with lubricat-
ing top coat.

Comparative Example 5 -Polyvinylbutyral and Al-
kylated Melamine Formaldehyde

A mixture of 300.0 grams Imsil A 108 silica
powder and 10.0 grams Accufluor CFx 3000™
fluorinated graphite (Allied Signal Company) in
150.0 grams of 15% Butvar B-98 solution (in 4:1
isopropyl alcohol -toluene), 150 grams Downol
PM™ (propylene glycol mono methyl ether from
Dow Chemical Company, Midland, Michigan) and
two grams RE-610 surfactant were mixed with a
high speed stirrer and then milled using steel shots
to form a mill base. Cymel 303 alkylated melamine
formaldehyde (36.2 grams) was added to a mixture
of 448.0 grams of 15% Butvar B-98 solution in 4:1
isopropy! alcohol-toluene and 140.0 grams of the
mill base. The resulting mixture was stirred for 15
minutes. To this mixture was added a solution of
2.0 grams of p-toluenesulfonic acid in 46.0 grams
isopropyl alcohol, 23.0 grams ftoluene and 16
grams Downol PM. The final solution was stirred
for 30 minutes and coated on a PET substrate o a
dry thickness of 5-7 um. The base coat was dried
and cured in an oven at 90-140 ° C. The base coat
was then aluminized in a vacuum evaporator to
optical density of 1.8-2.5. After coating a lubricating
fop coat containing graphite-binder-potassium chro-
mate, the samples were tested on an electroero-
sion printer.

Example 6 -Polyvinylbutyral and Mixed Phenol-tert-
butylphenol Formaldehyde

Durite SL 3270™ mixed phenol-tert-butyl-
phenol formaldehyde resin (Borden Chemical Com-
pany, Columbus, Ohio) (39.0 grams) was added to
a mixture of 481.0 grams of 15% Butvar B-98
solution in 4:1 isopropy! alcohol-toluene and 150.0
grams of the mill base shown in Example 5. The
resulting mixture was stirred for 15 minutes. To this
mixture was added a solution of 2.0 grams of p-
toluenesulfonic acid in 48.0 grams isopropyl al-
cohol, 24.0 grams toluene and 16 grams Downol
PM. The final solution was stirred for 30 minutes
and coated on a PET substrate to a dry thickness
of 5-7 um. The base coat was dried and cured in
an oven at 90-140 °C. The base coat was then
aluminized to optical density of 1.9-3.5 then top
coated with graphite-binder-potassium chromate
lubricating top coat and tested on an electroerosion
printer.

Example 7 -Polyvinylbutyral and Phenol-tert-butyl-
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phenol Formaldehyde

A mixture of 300.0 grams amorphous silica and
10.0 grams Accufluor CFx 3000™ fluorinated
graphite (Allied Signal Company) in 150.0 grams of
15% Butvar B-98 solution (in isopropy! alcohol and
foluene) and two grams RE-610 surfactant was jar
milled for 20 hours and filtered. 150.0 grams of this
mixture as mixed with 480 grams of additional
Butvar B-98 solution. 75 grams Durite SL 3270
resin in a mixture of isopropyl! alcohol, toluene, and
Downol PM™ (Dow Chemical Company, Midland,
Michigan) was added, and the mixture was stirred
at high shear. Finally, 1% p-toluenesulfonic acid
was added as a catalyst, and the mixture was
coated to a thickness of 5-8 um and dried in an
oven at 100-140° C for a short period. The samples
were then aluminized to an optical density of 2.5-
3.5 and top coated with water based graphite and
potassium dichromate to make the finished DNP.
These DNPs had a press life between 15,000-
20,000 copies with few pin holes and no gouging.

The samples of Comparative Examples 1-3 and
5, which contained alkylated melamine formalde-
hyde as the crosslinking agent for the polymer
base coat could be aluminized to optical density of
2.3 until printing deteriorated. Scratching and goug-
ing was very low up to that optical density, but the
press life was between 5,000 and 10,000 copies.
The final product sometimes had unacceptable
curl. Occasionally, upon exposure to high humidity,
ink receptivity of the printed plate degraded as the
hydrophobicity of the polymer base coat decreased
(blinding occurred). The samples from Comparative
Example 4 which contained polyisocyanate as the
crosslinking agent for the polymer base coat could
be aluminized to a maximum optical density of 2.4
before printing deteriorated and had a press life of
only 3,000 - 5,000 copies. The samples had very
low adhesion of the polymer base coat to the PET
substrate which resulted in an unacceptable num-
ber of gouges during electroerosion printing.

The samples from Examples 6 and 7 which
contained mixed phenol-tert-butylphenol formalde-
hyde as the crosslinking agent for the polymer
base coat in accordance with the present invention
could be aluminized to optical density of 3.5 and
had a press life of 15,000 - 20,000 copies. There
were no gouges and scraiching was very low.
Blinding was eliminated and the DNPs were flat (no
curling of the finished DNP occurred).

Tests on the new DNP with a polyvinylbutyral/
phenol-tert-butylphenol formaldehyde polymer ma-
trix showed that aluminum adhesion to the polymer
coating was almost ten times better than that of
melamine cross-linked polymer coatings. The tests
also revealed that the thickness of the aluminum
can be increased up to 75% (to an optical density
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of 3.5) without any adverse affect on the writing
quality. Further, samples with optical density of 3.0
had even better dot shapes and uniformity than
standard samples of melamine cross-linked poly-
mer coated DNPs. The increase in the optical
density of the aluminum film resulted in a substan-
tial increase in the press life of the DNP. Finally,
due to the hydrolytic stability of the cross-linked
mixed phenol-tert-butylphenol formaldehyde liquid
resin formulation, the DNPs prepared from the for-
mulation of the present invention did not encounter
the ink receptivity loss (blinding) experienced by
the melamine cross-linked polymers of Compara-
tive Examples 1-3 and 5 when stored at high
humidity for a few days.

It is understood that various other modifications
will be apparent to one skilled in the art without
departing from the spirit and scope of this inven-
tion. Accordingly, it is not intended that the scope
of the claims appended hereto be limited to the
description as set forth herein, but rather that the
claims be construed as encompassing all the fea-
tures of patentable novelty that reside in the
present invention, including all features that would
be treated as equivalents thereof by those skilled in
the art to which this invention pertains.

Claims

1. An electroerosion recording medium compris-
ing:

a substrate;

a cross-linked polymeric layer disposed on
said substrate; and

a conductive, erodible metallic layer disposed
on said polymeric layer, said metallic layer
being sufficiently thin to be eroded when sub-
jected to current pulses from recording styli
during electroerosion recording;

wherein said cross-linked polymeric layer com-
prises polyvinylbutyral crosslinked with a
mixed phenol-tert-butylphenol formaldehyde
cross-linking agent.

2. An electroerosion recording medium compris-
ing:

a substrate;

a cross-linked polymeric layer disposed on
said substrate; and

a conductive, erodible metallic layer disposed
on said polymeric layer, said metallic layer
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being sufficiently thin to be eroded when sub-
jected to current pulses from recording styli
during electroerosion recording;

wherein said cross-linked polymeric layer com-
prises 20 - 50% polyvinylbutyral crosslinked
with 10 - 30% of a mixed phenol-tert-butyl-
phenol formaldehyde cross-linking agent, and
10 - 50% pigment.

The medium of claim 1 or of claim 2 wherein
said erodible metallic layer has an optical den-
sity between 2.5 and 3.5.

The medium of claim 1 wherein said crosslin-
ked polymeric layer further comprises a pig-
ment.

The medium of claim 2 or of claim 4 wherein
said medium further comprises a layer of a
lubricating material applied over said erodible
layer.

The medium of claim 2 or of claim 6 wherein
said pigment is silica.

The medium of claim 6 wherein said erodible
metallic layer is aluminum.
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